INTRODUCTION www.irjournal.org disability in terms of the interaction between the patients underlying illness and contextual environmental factors. 8, 9 The IBD-DI has been validated and correlated with disease activity and quality of life in both CD and UC. 10 It also demonstrated real-life validity against decreased work productivity in IBD subjects from a referral clinic and increased direct and indirect healthcare cost in a population-based postoperative IBD cohort. 10, 11 Medication non-adherence occurs in up to 45% of IBD patients and is associated with increased symptoms and relapse rates. 12 Non-adherence can be further categorized as intentional (deliberately stopping prescribed medications or altering their prescribed regime) and non-intentional (such as accidentally forgetting to take medications). The type of non-adherence may have implications for clinical outcomes and may have unique drivers. Unfortunately there has been no consistent predictor of non-adherence although some studies have identified younger age, full-time employment, shorter duration of disease, treatment type, psychological factors such as a strong emotional response and loss of response to therapy as possible risk factors. [12] [13] [14] [15] Non-adherence in IBD has been shown to be difficult for physicians to identify. 16 To date there has been no simple and durable intervention that improves adherence rates. 12 The impact of non-adherence includes increased risk of IBD relapse, increased disease activity and increased healthcare costs. 17, 18 The impact of non-adherence upon the day-to-day functioning of patients is less well characterized. Cumulative flares might result in cumulative intestinal complications, need for treatment escalation towards more potent medications and surgery. In the absence of a proven strategy that improves medication adherence, identifying the negative consequences of non-adherence might help convince patients to adhere to medications in order to avoid disability. Behavioral change might be expected from understanding the disabling consequences of recurrent flares. The primary aim of the study, therefore, was to identify the relationship between non-adherence and functional outcomes in IBD. Demographic, clinical and attitudinal factors were also assessed to determine predictors of adherence or disability.
METHODS
This was a cross-sectional non-interventional study to explore the association between medication non-adherence and disability. Disability is a concept that patients can relate to, being the result of many chronic diseases. The secondary outcome measures were the predictors of disability and medication non-adherence as well as the impact of medication acceptance on adherence.
Subjects
Consecutive ambulatory patients aged ≥16 years with a definitive diagnosis of CD or UC and ≥6 months of follow-up were prospectively recruited. Patients recruited were within the catchment population of the Sydney IBD Cohort, which has a well-characterized population. 19 Australia has a free universal healthcare system allowing subjects to be recruited from the full spectrum of socioeconomics. Inclusion criteria were being prescribed IBD maintenance medications. Exclusion criteria included insufficient English literacy and active psychological diagnoses such as mood disorders that impair day-to-day functioning. Clinical and demographic information was obtained through self-report confirmed by their medical records. The data obtained included: demographics, IBD phenotype, duration of disease, recruitment from a dedicated IBD referral clinic or from private practice, membership of the patient support organization Crohn's and Colitis Australia (CCA), previous hospitalization or surgery related to IBD and the respondents' current medication regimen.
Procedures
Participant completed 3 questionnaires: IBD-DI, Medication Adherence Rating Scale (MARS), and the Beliefs about Medicines Questionnaire (BMQ) administered by an independent trained researcher separate to the medical consultation to reduce response bias.
IBD Disability Index
The IBD-DI is a validated questionnaire that measures disability in CD and UC. It has been validated for construct, discriminant ability, sensitivity to change and responsiveness. 10 The IBD-DI comprises of 28 questions examining functional capabilities of patients with respect to the ICF core set and is significantly associated with disease activity and treatment received. 8, 9 The tool is divided into 5 domains of overall health, body function, body structures, activity participation and environmental factors. The extent of patients limitations and disability are examined with respect to areas such as sleeping, mood, abdominal pain, bowel frequency, regulating defecation, participation in social events and work or school and exacerbating effects of medication, food, family and healthcare professionals. As a part of this study, the original questionnaire was reworded from a Flesch-Kincaid grade level 9 to grade level 6, an improvement recommended by previous studies, where subjects found the questionnaire would be improved with language simplification. A composite score 10 represents the patients' extent of functional impairment or disability that ranges from 22 to -80. A more negative score correlates with greater disability. The IBD-DI demonstrates construct validity against the Inflammatory Bowel Disease Questionnaire (IBDQ), the disease activity indices CDAI for CD and the Mayo score in UC, predicts workforce participation and responsiveness. 
Medication Adherence Rating Scale
The MARS is a validated tool that has previously been utilized to evaluate adherence in IBD. 20, 21 Four statements relating to adherence are each scored on a 5-point Likert scale. The use of a scale avoids dichotomous "yes" or "no" answers that might result in response bias. Response bias is expected for any study of adherence where subjects exaggerate with medically-responsible answers. The MARS score ranges from 4 to 20 where a score of ≤16 was defined as medication non-adherence. MARS is self-administered, easy to understand and completed confidentially in isolation remote to the consultation. The prescribing physician is blinded to the score to encourage patient honesty. MARS has been tested in IBD and correlates with markers of medication adherence such as serum drug levels and script dispensing data.
21,22

Beliefs about Medicines Questionnaire
The BMQ is a validated survey tool that examines patient attitudes towards taking medications. 14, 21, 23 It is based upon the beliefs about medications framework and consists of 10 items divided into statements exploring perceptions of the necessity for maintenance medications and the level of concern around their potential adverse effects. Respondents indicate their concordance with these statements on a 5-point Likert scale. A score is calculated for each of the domains of "medication concern" and "medication necessity." Scores range from 5 to 25 where respectively a higher score indicates a greater extent of concern regarding taking medications or a higher level of perceived necessity to take therapy. A score of ≥16 in these 2 domains was defined as either "high concerns" or "high necessity" respectively. "Medication acceptance" was defined as perception of medications as being "high necessity" and "low concerns," which is considered to be the ideal attitude towards adherence to maintenance medications.
Sample Size Calculation
Sample size calculation was based on a quarter of IBD subjects meeting the threshold of disability from a previous study 10 and a clinically meaningful doubling of disability resulting from medication non-adherence. Another study had identified the prevalence of medication-adherers to be 3-fold higher than medication non-adherers in IBD. 21 Based on a 2-sample proportional analysis for the trial to have 80% power on a 2-sided alpha level of 0.05, 168 consecutive subjects would be need to be recruited with a ratio of 3 medication adherers for every 1 medication non-adherer to detect a doubling of disability.
Statistical Analysis
Statistical analysis was used to evaluate associations between the MARS, BMQ and IBD-DI questionnaires and to determine the predictive clinical or demographic factors. Continuous variables were analyzed as non-parametric data using Spearman correlation, Mann-Whitney U-test for unpaired-and Kruskal-Wallis test for 3-continuous variables. Categorical variables were compared with chi-square or Fisher exact tests. Multivariate binomial logistic regression was utilized to determine the specific disability index outcomes that were independently associated with non-adherence. Multivariate linear regression modeling was used in analyzing adherence, beliefs about medicines and disability questionnaire scores. Analysis was performed using IBM SPSS version 22.0 (IBM Corp, Armonk, IL, USA). A P-value <0.05 was deemed statistically significant.
Ethical Consideration
Informed consent was obtained for all subjects involved in this study. Anti-tumor necrosis factor therapy utilization was more prevalent amongst CD patients than those with UC (37% vs. 1% P<0.01). Mesalazine use in CD was 36% compared to 89% amongst the UC cohort (P<0.01). Previous IBD-related hospitalization and surgery respectively was reported in 47% and 32% of CD patients compared to 28% and 5% of UC patients (P<0.01). Our population data set was not-normally distributed and was therefore analyzed using non-parametric tests.
Non-Adherence and Disability
Of all subjects recruited, 24% (n=42) were non-adherent with their IBD maintenance medications. Non-adherers had similar baseline characteristics to adherers ( (Fig. 1) . Non-adherence correlated significantly with perceived non-necessity of medications (r=0.22, P=0.004) and with concern about medical treatment (r =0.32, P<0.0001). Non-adherent patients demonstrated significant associations with disability in the composite IBD-DI and in all of its 5 domains of overall health, body function, body structures, activity participation and environmental factors ( Table 2 ).
Factors Affecting Disability
Disability was not associated with IBD disease phenotype (P =0.41) or IBD duration greater than 5 years (P =0.39). However, disability was significantly association with previous hospitalization (P =0.010), previous surgery (P =0.035), the use of corticosteroid therapy (P =0.007), management through a referral clinic (P<0.0001) and female sex (P=0.002) ( Table 3 ). Independent predictors of poorer functional outcomes on IBD-DI linear regression were high medication concern (P <0.0001), management through a referral clinic (P =0.008), previous hospitalization (P =0.023), and female sex (P=0.008).
Clinical Features Associated with Non-Adherence
On multivariate binary logistic regression 3 disease features were identified as being independently associated with medication non-adherence. 
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DISCUSSION
Medication non-adherence in IBD is associated with increased risk of relapse and healthcare utilization. 12, 17, 24, 25 These intangible concepts, however, might be insufficient to motivate patients in improving their adherence. Disability is a sustained, recognizable, relevant and self-identifiable concept that might be a greater motivational force to improve adherence. This study demonstrated a significant association between medication non-adherence and disability. Medication non-adherence was significantly associated with impaired activity pariticipation and impairment of all IBD-DI domains. Disability was also significantly associated with symptoms of flares, requirement for corticosteroids, IBDrelated hospitalization and surgery. The avoidance of disability, therefore, becomes a shared goal between the physician and patient. As such, the translatable benefits of this study might be in shaping a conversation that motivates patients to improve their adherence in order to prevent or reverse disability. The quantification of disability through the IBD-DI may also have utility at the level of healthcare organisations as significant outcome measure or quality indicator. 26 Three specific symptoms of IBD are significantly independently associated with medication non-adherence. Arthralgia and rectal bleeding are the symptoms associated with non-adherence with greatest frequency, while difficulty managing defecation has the strongest association within the model. All of these factors are prevalent in active IBD and have been associated with impaired quality of life and impaired social engagement. [27] [28] [29] [30] Presentation with these symptoms, therefore, might alert the physician of possible medication non-adherence.
Apart from non-adherence, disability was also independently associated with previous hospitalization, management in an IBD referral center, having high concerns over medications and female sex. Previous hospitalization and management in a referral center represent greater disease severity. Disability in IBD has also been found to be associated with female sex. 10, 31 Symptoms of anxiety and depression that might result in avoidance of using medications are also associated with disability. 32 Managing medication nonadherence, therefore, might require a targeted approach in identifying high-risk subjects, those with severe disease and treatment of psychological comorbidities. Promising preliminary results have been seen with a pharmacist-led personalized educational intervention. 33 This study has several limitations. Firstly, although there was a strong association between non-adherence and disability, causality cannot be confirmed. Although the logic is that non-adherence results in cumulative disease flares that result in chronic disease activity and/or irreversible intestinal damage, the alternative explanation that cumulative disability leads to medication non-adherence is possible. This was an observational cross-sectional study which inherently is limited in its power to detect causality and is able to only establish associations. Ultimately a randomized controlled longitudinal study is required to demonstrate decreased disability through improved adherence. Although there is a clear linear correlation between disability and adherence score the strength of this correlation is reduced somewhat due to a wide range of IBD-DI scores for a given range of the MARS. Secondly, adherence level may fluctuate over time. However, we recently demonstrated that baseline adherence or any improvement in adherence through counseling is consistent even when followed up for 2 years. 33 Medication adherence is, therefore, likely a feature of the subjects' pervasive beliefs and perception. Thirdly, this was not a population-based study. However, the subjects were recruited from both referral and private practice settings to provide a range of IBD disease characteristics. Our data are consistent with a French population-based study 31 that also demonstrated greater disability levels in females and those with arthralgia/ arthritis, and the lack of association between disability with IBD phenotype and duration of IBD. It is likely, therefore, that this study can be generalizable. Fourthly adherence and disability data relied on patient self-reporting. However, the MARS is a commonly-used tool that reflects real-world multiple medication usage rather than limiting to either single drug class or drugs that have bioassays. Unlike the Morisky et al. 34 MMAS-8 tool MARS uses Likert scales in eliciting sub- ject responses. By avoiding dichotomous "yes" or "no" replies, subjects are less likely to exaggerate their answers towards those that are more "medically responsible." Similarly the IBD-DI has been validated against work productivity and quality of life specific to IBD. 10 Beliefs about Medications Questionnaire has been also previously evaluated in IBD to provide certain degrees of external validation. 14, 20 In addition we have not examined the impact of adherence to non-pharmacological treatments which may also impact significantly on disability. If a larger sample size had allowed for stratification by phenotype this may have been informative, however overall there was no association between phenotype and adherence/disability. By design patients in this study did not complete survey tools to assess diseases activity such as the CDAI or pMayo scores. The IBD-DI has previously been validated 10 against these disease activity measures and its use as an independent outcome measure as in this study enhances its utility, additionally it was predicted that patients would experience a degree of survey fatigue if the set of administered tools was expanded any further. Laboratory or endoscopic data was not used to evaluate the results in this study as our aim was to assess functional impairment/disability broadly rather than disease activity or detect episodes of relapse. Strengths of the study include a recruitment sample size that was achieved, the use of validated tools for IBD and not limiting the subjects to tertiary hospital subjects.
In conclusion, poor medication adherence to IBD maintenance therapy is strongly associated with an increased level of disability. Uncontrolled active IBD through medication non-adherence might result in flares, need for hospitalization and eventual treatment escalation. Predictors of both non-adherence and disability included the presence of anxiety symptoms while female sex and higher disease severities as evident by prior hospitalization predicted increased disability. Patients with these adverse features require specific management in order to reduce their risk of long-term disability. The implementation of programs targeted towards addressing medication concerns and knowledge deficits in at risk patients may lead to the reversal of non-adherence in order to reduce long-term functional impairment.
